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Printed Planar Monopole Antenna with Electromagnetically Coupled
Elements
J.A. Evans, F. Leon Lerma and M. I. Ammann
School of Electronic and Communications Engineering, Dublin Institute of
Technology, Ireland.
e-mail: jonathan.evans@comreg.ie

Planar monopole antennas and dual plate antennas have been reported to yield wide
bandwidths [I-21. Printed monopole antennas have previously been shown to be
implementable on planar dielectric substrates using low cost microstrip printing techniques
[3]. In this paper, the addition of an electromagnetically-coupled element to the printed
planar monopole antenna is investigated. While remaining simple to construct, modifications
to the electromagnetically-coupled element are shown to reduce the lower edge frequency of
the lOdB impedance bandwidth by up to - 19% (280 MHz at 1.5 GHz). The radiation
patterns for these antennas are characteristic of monopole antennas - i.e. omnidirectional in
the azimuth plane with a null at the zenith - and are consistent within +I- 2dB across their
useful impedance bandwidths. By optimizing the feed arrangements on these antennas a
lOdB impedance bandwidth ratio of over 3:l can be achieved. This technique yields the
ability to construct a smaller antenna, in comparison to a simple printed planar monopole
antenna, for a given frequency range. The antennas considered in this paper operate between
1.3 and 5.5 GHz, making them suitable for numerous mobile and portable applications.
Measured results are compared to antenna simulations using Transmission Line Modelling.

Abstract:

1. THE PRINTED MONOPOLE ANTENNA

A 30mm square planar monopole element is printed on a 80mm x 60mm x 1.5mm
dielectric substrate (Fig. 1). The substrate used is FR4; a low cost epoxy
resinhiberglass laminate typically used for low frequency PCBs. FR4 has a
permittivity of 4.4 and a loss tangent of 0.01 8 at 2GHz. The metalisation thickness on
the board is 35 microns (1 odsq foot). A 28 mm x 60 mm ground plane is printed on
the opposite side of the substrate, which stops 2mm short of the beginning of the
monopole element. The monopole element is fed via a 50 ohm microstrip feed line
with a width of 2.46mm. The feed-line is fed from an end launch SMA connector.
The overall board size is 80mm x 60mm x 1.5mm, making it suitable for integration
in many mobile and portable devices. The lOdB impedance bandwidth of the printed
monopole antenna was measured as 1.54 GHz to 3.73 GHz (Fig. 2).
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Figure 1 : Printed monopole antenna

Figure 2: lOdB impedance bandwidths for the Printed Monopole Antenna (PMA), the PMA
with an electromagnetically coupled element (EM PMA), and the EM PMA with slots cut out
of the EM element (SEM PMA).
2. ELECTROMAGNETICALLY-COUPLED ELEMENTS
A slotted element is introduced on the opposite side of the dielectric substrate and i s

electromagnetically coupled to the main monopolar element (Fig. 3). The EM
coupled element is also 30mm square and is located directly below the main
monopolar element. The impedance bandwidth of the antenna can be enhanced by
removing slots from the EM coupled elements of various geometries. The addition of
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an EM element alone actually decreases the lOdB impedance bandwidth of the
antenna. Single slot and dual slot arrangements were investigated with various slot
sizes and orientations. The dual slot design was found to yield the greatest reduction
in lower edge frequency. Slot sizes were 5 x 20mm.
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Figure 3: Printed monopole antenna with EM-coupled slotted plate (view from back).
The effect of the EM couple element and the application of different sized slots have
significant effects on the lOdB impedance bandwidth of the antennas. The optimum
design, in terms of reducing the lower edge frequency, was found to be for the double
slotted EM element described above. This antenna yielded two separate lOdB
impedance bandwidth ranges, from 1.26 GHz to 2.42 GHz, and from 2.78 GHz to
3.29 GHz (Fig. 2). This represents a significant reduction in the lower edge frequency
of 280 MHz (-19% at I.SGHz), and yields a monopole element is approximately ?J8
long.

3. FEED-POINT OPTIMISATION
The impedance bandwidth of this antenna can be significantly increased by adjusting
the point at which the microstrip feed line joins the monopole element. Offsetting the
feed by 5mm from the center of the substrate was found to produce the optimum
results with an increase in lOdB impedance bandwidth of over 75% up to 1.64 - 5.5
GHz (Fig. 4). This is an impedance bandwidth of over 3:l.
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Figure 4: Optimisation of the feed point for the PMA.
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Antenna

PMA

Description

lOdB lower
(GW

Printed square monopole antenna,

EM PMA 1 PMA with EM coupled square
element
EM PMA with two 5x20mm slots
SEM
cut from EM coupled element
PMA
EM PMA with single Sx20mm slot
SEM

I

lOdB
Bandwidth
(GHz)

1.54

lOdB
upper
(GHz)
3.13

1.64

3.52

1.88

2.19

1.26

2.42

1.16

12.18

13.29

10.51

1.79

3.5

1.71

Table 1: Printed monopole antennas and their lOdB impedance bandwidths.

4. ANTENNA MODELLING

The antennas were modeled using transmission line modeling (TLM). Although the
simulations typically underestimated the responses of the antennas compared to
measured results (Fig. 5), they were useful for optimizing the effects of various
geometry modifications to the antenna geometry, such as slot size and feed-point
positioning.
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Figure 5: Comparison of simulated and measured results for the PMA.

5. RADIATION CHARACTERISTICS
The radiation characteristics for both the printed monopole and the EM-coupled
monopole antennas are typically of monopole antennas with omnidirectional radiation
in the azimuth plane and a figure-of-eight pattern in the elevation plane, with a null at
the zenith. The radiation characteristics remain reasonably consistent over the lOdB
impedance bandwidth (keeping within +/- 2dB). Radiation patterns for the EM PMA
antenna are shown in Fig. 6 and Fig. 7.
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Figure 6: Radiation pattern for EO in the x-z
plane, at 2 and 3 GHz.
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Figure 7: Radiation pattern for EO in the y-z
plane, at 2 and 3 GHz.

6. CONCLUSION

The addition of an electromagnetically coupled slotted element to a printed monopole
antenna has been shown to reduce the lower edge frequency of the lOdB impedance
bandwidth without affecting the radiation characteristics, which remain monopolar.
The slotted EM coupled antenna is shown to have a wide impedance bandwidth, with
a low lower edge frequency from 1.26 to 2.42 GHz and from 2.78 to 3.29 GHz, which
represents a reduction of 18% over the printed monopole antenna. Optimisation of the
location of the microstrip feed line is shown to increase the impedance bandwidth of
the PMA by over 75%, producing a wide bandwidth from 1.64 to 5.5 GHz. The wide
impedance bandwidth, radiation characteristic, small size and low cost makes this
type of antenna suitable for a number of modem mobile and portable applications
such as cellular mobile and wireless LAN systems.
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